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Antifungal nctivi tics were examined and compared Tor some 40 kinds of aliphatic and aromatic 
Aldehydes, rt)cohol5« pKetlolic compounds, ether compound* and hydrocarbon* from essential oils 
and for some related compounds, using seven fungi. 



Considers bJe studies on antimicrobial activ- 
ities of essential oils and their components 
have been reported. 1 " 121 However, systematic 
investigations using many kinds of com- 
ponents of essential oils have yet been very 
limited. 

Thus, in the present studies, we examined 
the antifungal activity of about '40 kinds of 
compounds from essentia] oils and several 
related compounds, using 7 fungi. Further- 
more, the relationship between antifungal 
activity and molecular orbital energy was 
discussed for carbon yl compounds. 

MATERIALS AND METHODS 

Acagcnts. Caryophyltene and perillalcohol were kindly 
supplied by Mr. Takashi Yasuda of Teknsago Perfumery 
Co., Ltd, All of the other compounds employed here were 
Of commercial source. 

Fungi. The fungi employed for Assays of antifungal 
activity were listed in Table 1. These Tungi, after isolated 
from clinical specimens, had been maintained on 
Sabouraud dextrose agar slants at room temperature at 
the Research Institute for Chemobiodynamics. China 
University. 

Assays of antifungal activity. The assay was COrried out 
at 2TC on a 2% glucose Sabouraud agar slaut containing 
one Compound to be tested. Before use, each compound to 
be tested was dissolved in ethyl ether Tor sterilization , then 



added into sterile culture medium at a specified con- 
centration. A small amount of ethyl ether added with each 
compound tested did not affect the growth of any of the 
fungi employed. Two percent glucose Sabouraud agar 
without any addendum was used as a control medium. 
Ten to fifteen -day old culture of each fungus nn a 7% 
glucos* Sabouraud agar slant was used as an inoculum 
onto the control and test media throughout the present 
investigation. Antifungal activity of a compound was 
estimated based on the duration of inhibition of fungal 
growth under the presence of the compound. Whether 
fungft) growth occurred or not wa* determined 
■macroscopicatly. 

Molecular orbital calculations. Molecular orbital calcu- 
lations were performed by the Huckcl molecular orbital 
method with jr-electron approximation, using parameters 
following Yonezawa rt aj. lh The hypcrconjugation model 
was applied to a methyl group. 

RESULTS AND DISCUSSION 

Antifungal, activity of aliphatic aldehydes and 
ketones 

Results are shown in Table I. Cinnam- 
aldchyde was the highest in antifungal activity 
among the aliphatic aldehydes examined. 
The antifungal effects of perillaldchyde and 
citral were somewhat weaker than that of cin- 
namaldehyde but still fairly potent. In 
contrast, the antifungal effects of citronellal, 
octanal, nonanal and decanal were all very 
poor. 
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Thu« it ic apparent that a* for the uMphatic 
uldehydci, those which hove ones or more 
double bonds conjugfttod to rhctr carbonyl 
« rou P ** r< * muc h h'Shcr in am(/\j„ gu | activity 
thar» thoao which have not. ThJa Is in lino with 
* V^,r cTO ,t * P^^o^'y reported by Kurita c-/ 



The antlAinsal activity of carvone, an «,/?- 
l»n»nturated Ketone, was considerably lowor 
th«m those oT pcrllJaldchyde mid citral. 
unsaiurutcd uldehydci. but was much higher 
Chan that or camphor. An a./)-saturu[cd ketone. 

strtlffunstztt activity' ,,y turomatW aid* f>y*t*.s . 
faults arc presented in Table 21. The ami- 



Anlil unay I Aotivily of E»innu I Oil* 
II, ANTIWNUAL S\ fTIVlTV «a» ALIPHATIC >A. t_ r>C W V l_i 
Dumilon of frowlh Inhltalllon < > 



F>~n <± it/ turn fm 



O.SIT.M I 

J » m M >20 

CumlnAldchyde 

O. I* TT1M » 20 

I.OmM >20 

2.0m M 2© 

^-AnrMildchydc 

2.D rmin *■ 

Vanillin 

I.OmM O 

Furftiml 

l.OrriM t> 
7 O 1 



fun gal effect of benzaldehyde wu.s very weak or 
nil etcepl on Bias tor* t*<rrrrtc* ritittii.x. 

Cuminaldehydc ( p-lflopropylben2a)dehyde) 
was the higheaC in Mntifungal udiviiy Hmong 
the nromatlc aldehydes examined, and Its 
anUfUngal efleci was l» u l> potent. The anti- 
fungal activity oT f*-ir\ othyl benia Idch ydc was 
intermediate between those of ben^aldchyde 
and cuminaldehydc. The antifungal cfTecto of 
p-aniaaldehydc (4-mcthoxybenzuldohydc) and 
vanillin (4-hydroxy3-rnelhox.ybenKaldchydc) 
were very poor except on one or two fungi 
Furfural, although very toxic to animals and 
the human being, was very weak in antifungal 
effect on any of the funs' employed. 

M*MrifUtT&*xi crcttvijy of o/cruHolx Results oT 
antifungal effects of primary alcohols are given 
•n Table 11. J. The antifungal effect of cln- 
namylnlcohol was very weak except on S. 



ttcrmtxj fticlix and HistOfriwtvio vc*/>st4iettr«m. 

However, the antifungal effects of the other 
primary nlcohols were considerably potent. 

Results of the eflacts of secondary and 
tertiary alcohols are shown in Table IV. The 
results presented in Tables HI and IV appear to 
indicate that as for alcohols from essential oils, 
primary alcohols are in general considerably 
higher In antifungal activity than secondary 
and tertiary alcohols. 

It is of interest to note that each ct, fi~ 
saturated carbonyl compound listed in Table 1 
was much lower- in antifungal activity than a 
corresponding alcohol compound (citronellal 
i'4-cltronelldl: octanal v_<- 1 -octanol; nonannl vjt. 
1 -nonanol; decanal »».*. 1-deeanol; i>-camphor 
v*. borneol) (Tables 1. Ill and IV). The reason 
why a hydroxyl group is much more effective 
than a carbonyl one for these compounds to 
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N. ICuniTA. M. Miyaji. R. KuRANfiand Y. Taxahara 
Table III. A^funoai. Activity <W Primauy Alcohols FftOM Essential Oils 



Duration of growth inhibition (day) 



Compound 



Cinnamytoleohol 
O.Sttim 
1.0 mM 
2.0 mu 

t»trillalcohol 

0.5 mM 
l ,0 m.v 
2.0mM 

Geraniol 
0.5 m*c 
I.OmM 
2.0 mM 

Cttroncllol 
0.5 mM 
I.OmM 
2.0 mM 

1-Octanol 
I.OmM 
2.0 mM 

l-Nonnnol 
0.5mM 
I.OmM 
2.0 mM 

l.Decanoi 
0.5 mM 
I.OmM 
2.0 mu 



Fungus 



Blastomyces Hittnpfoxma Trichophyton FonM'taea Aspergillus Pentelttlum PenMttium 
dtrmaitildh capsufatvm rub rum (H) pcdmxuHT) ntdutans frtquetttans cyctoplum 



A 

>20 
>20 



2 
19 
>20 



I! 
>20 
>20 



3 

>20 
>20 



0 
16 



3 

12 
>2D 



10 
>20 
>20 



0 

>20 



0 

>20 
>20 



14 
>20 
>20 



M 
>20 
>20 



3 

>20 



4 

>20 
>20 



>20 
>20 
>20 



0 
I 

>20 



1 

>20 
>20 



2 

>20 
>20 



0 
II 

>20 



2 

>20 
>20 



n 

! 

10 



0 
I 

15 



0 

>20 



I 

2 

>20 



0 
4 

>20 



0 
I 

18 



0 
3 

>20 



D 

5 

>20 



2 

>20 



0 
I 

>20 



1 

4 

>20 



0 
7 

>20 



exhibit the antifungal effect still remains 
unclear. 

Antifungal activity of phenolic compounds 
Results are given in Table V. 

/r-Cresol {4-methyl phenol) was about two 
times higher than phenol in antifungal activity; 
p-cthylphcnol was about three times higher 
than ^-cresol; andp-n-propylphenol was about 
two times higher than p-ethylphenol. The 
antifungal activity of thymol (2-isopropyl-5- 
methylphenol) was approximately equal to 
that of />-H-propylphenol. 



The antifungal activity of eugenol (4-allyl- 
guaiacol) was eight to ten times higher than 
that of guaiacol (o-methoxyphenol), and three 
to four limes higher than that of crcoSol (4- 
meihylguaiacol). The activity of isoeugenol (4- 
propenyl guaiacol) appeared slightly higher 
than that of eugenol. 

As is obvious from the molecular structure, 
addition of alky) group(s) to benzene ring of 
phenol or of guaiacol remarkably enhanced 
the antifungal activity, and the activity of these 
phenolic compounds appeared to be depend- 
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Tarlf. IV. AvtifunOm. Activity of Secondary ano Tf.rtiary ALrowJLS frdvi ESS^ttaI. Oil* 



Duration of growth inhibition (day) 



Fungus 



MuMrorrm Hhtoplasn* Trichophyton ton*et*m A*m**» PnU^tHm ftffW/ffwji 
Compound th . rm(lti ] lt ,i s wpnluttm, r«fc*n><H) primmf (T) nM»fa»» frvquenram eiriopw»» 



(Secondary alcohol) 

I.0mM 0 0 0 « ? ? 0 

Oil" 11 



2.0 ntM 



2.0m M U >20 7 0 0 0 

B ° fnC ^ A 0 0 0 0 0 



LOmM 0 



2.0mM 7 12 4 



0 0 0 I 



(Tertiary alcohol) 



Lin ". 0 ? 1 o o o a o o o 



I.Ottim 

2.0ml- 2 14 0 



0 0 0 I 



ing upon the size of the added alkyi group, 
the larger the size of the alkyi group, the higher 
was the antifungal activity. 

This enhancing effect of alkyi groups was 
also observed in the series of bcnxuldehyde, p- 
methylbenzaldehyde and cumin aldehyde 
(Tabic II). 

Since alkyi groups are hydrophobic, these 
results appear to indicate that more than a 
certain degree of hydrophobicity is also re- 
quired for phenolic compounds and aromatic 
aldehydes to exhibit a potent antifungal effect. 

Antifungal activity of ether compound* and 
hydrocarbons. Results arc given in Table VI. 
Among etber compounds examined, 1,8-cin- 
cole and safrole were very weak in antifungal 
effect on any of the fungi. In contrast to them, 
the effects of methyl eugenol and methyl- 
isoeugenol were potent and comparable to 
those of eugenol and isocugcnol. These results 
appear to indicate that the free hydroxyl group 
of eugenol and isoeugenol is not indispensable 
to their potent antifungal activity. 

All of 7 hydrocarbons examined here were 
almost ineffective in inhibiting the growth of 



any of the fungi employed at a concentration 
of as high as 2mM 

Consideration tm the relationship between the 
antifungal activity of the carbonyf compounds 
and their molecular orbital energy 
There have been a considerable number of 
reports concerning the relationship between a 
biological activity of compounds and their 
molecular orbital energy,'*' 

Recently, we 12> found that the antifungal 
activity of aliphatic aldehydes (cinnamal- 
dehydc. perillaldehydc. citral and citronellal) is 
closely correlated with the calculated energy 
value of their lowest empty molecular orbitals, 
and these aldehydes except citroneDal arc 
capable of forming a charge transfer complex 
with tryptophan, a good electron donor. 15 * 1 * 1 
Based on these results, we suggested a possi- 
bility that the antifungal activities of cin* 
namaldehyde, peril! aldehyde and citral are, 
at least in part, due to their ability to form 
charge transfer complexes with electron do- 
nors of a fungus cell. 

In the present investigation, more extensive 
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N. KuRITa. M. MiyaJi. R. Kukanh and V. Takaha*a 

Table V. Antifungal Activity OF Phenolic Compowm ____ 

Duration of growth inhibition (day) 
Fungus 

Btasromnex Hhtoplasma Trirltophyton Ftotw** Asptttfilus FemaWum Peninlllum 

Compound dermathtdh coptvfoium rubrum (H) ptdrosoliT) ntdulans frequvntam cychpium 



Phenol „ n 

2.0 mw « 0 0 0 0 0 0 

4 0 0 0 10 

15 0 I 0 6 J 

>20 >20 8 8 2 >M >20 

>20 >20 >20 2 >20 >20 



3.0 IBM 0 



8.0 mM 

lO.OmM >20 



/>Cn;50l 

2.0 mM 0 
3.0 mw 2 



oooooo 

>20 I 2 0 3 * 

4.0m M >20 >20 >20 5 I >2° >20 

5.0mM >*> >20 >20 >20 >20 >20 >20 

/j-Eihy! phenol _ 

0,5mM 0 0 0 0 0 0 0 

I J) rim >20 >20 2 I 0 1 * 

>20 >20 >20 6 >20 >20 



2.0 mM >20 



/wi-Propylphenol 

0.5m M >20 >20 >20 2 0 3 >20 

UOniM >2» >20 >20 >20 >20 >20 >20 



Thymol 
0.5 mM 
1.0 mM 
2.0 mM 



>20 >20 >20 0 0 J 4 

>20 >20 >20 5 6 >20 19 

>20 >20 >20 >20 >20 >20 >20 



Guflittcol 
4.0 mM 



Ctco*6\ 
1.0 mM 



Isoeugenol 
0.5 mM 



ooooooo 



6.0 mM 2 



4)1011 



10 mM 7 >20 2 2 I 2 2 

lO.OmM >20 >20 >20 10 J >20 >20 



ooooooo 

H'jnu 3 >20 0 I 0 0 I 

4.0m M >20 >20 >00 M ' 3 10 



Eugcnol 

0,5mM 2 3 2 0 0 0 0 

I.OmM >20 >20 >20 2 1 I 1 

2,0mM >20 >20 >20 ">20 >20 >20 >20 



>20 > 20 18 0 I 14 

1.0 mM >20 >20 >20 5 4 II >20 

2.UmM >20 >20 >20 >20 >20 >20 >20 



studies were carried out, using 7 kinds of and 5 kinds of aromatic aldehydes, 
aldehydes including those mentioned above Table VII gives calculated energy values of 
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Antifungal Activity of F-Rcnlml Oils 
Table vi. Antifungal Activity of Ethkr Compounds and Hydrocarbons reou E^ntial Oils 



951 



Duration of growth inhibition |day) 



Fungus 



Compound Btesionvx™ 
acrmatttlttis 


Htsmpfasmn Trichophyton 
capsulation ruhrum (H) 


Ftmstc&ca 
p&tJmxol (T) 


AsperzifJu* 


Fenivifllum 


Pcru'cifthtm 
tycbypium 


















1.8-Cineole 


















A 

u 


0 


0 


n 


0 


0 


0 


Anctholc 
















2.0 mM 


0 


2 


1 


o 


o 

V 


A 

u 


0 


Sofrolc 
















l.OniM 


0 




1 


0 


0 


0 


0 


2,0 mM 


1 


3 


2 


1 


0 


1 


2 


Methyl Eugenol 
















t.0m,v) 


>20 


> 20 


i < 

15 


2 


1 


1 




2.0 mM 


>20 


>20 


>20 


8 


10 




g 


Mcihy) Isocugenol 
















1.0 mM 


>20 


>20 


>20 


3 


3 


5 


6 


2.0 mM 


>20 


>20 


>20 


> 20 


> 20 


>20 


>20 


< Hydrocarbon) 
















o-Limonene 
















2,0mM 
a-Pincnc 


0 


0 


0 


0 


0 


0 


0 


2.0 mw 
0-Pinene 


0 


0 


a 


0 


0 


0 


0 


10 mM 
Cnmphene 


0 


0 


0 


0 


0 


0 


0 


2.0 mM 
0-Myrcene 


0 


0 


0 


0 


0 


0 


0 


2,0mM 
^-CaryophylJcnc 


0 


0 


0 


0 


0 


0 


0 


2.0 mM 
/»-Cymcnc 


0 


0 


0 


0 


0 


0 


c 


2.0 mM 


0 


0 


0 


0 


0 


0 


0 



the lowest empty and highest occupied molec- 
ular orbitals of these compounds. The energy 
ofthe lowest empty molecular orbital (LEMO) 
is taken as a relative measure of electron- 
accepting ability (electron affinity), and that of 
the highest occupied molecular orbital 
(HOMO) is taken as a relative measure of 
electron-donating ability (ionization potcn- 
tial), ,7 > The lower the energy level of the 
LEMO, the greater will be the electron- 
accepting properties. The higher the energy 
level of the HOMO, the greater win be the 



electron -don a ting properties. 

As shown in Tabic I, the antifungal activ- 
ities of the aliphatic aldehydes were in the 
following order: dnnamaldehyde > (perilU 
aldehyde, citral)> (citronellal, octanal, 
nonanal, decanal). From these results and the 
energy values of molecular orbitals of these 
compounds, it is obvious that as far as these 
aliphatic aldehydes are concerned, the lower 
the energy level of the LEMO, the Higher is the 
antifungal activity. On the other hand, there 
was no definite correlation between the anti- 
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Tabu VII. Energy of the Lowest Ewfty 

AND HlOrilST OCCUPIFD MOLECULAR 
OfiRJTAUJ OF THE AU?EHYD» 

Energy of an orbital »« E~a + ;.p\ a and 0 being 
negative quantities. The energy values shown in the table 
arc valwe* of A units of /*. 



Comi>ound 



Energy of 



LEMO* HOMO** 



(Aliphatic aldehyde) 
Cinnamnldehydc 
PcrilliOdehyde 
Cilral"" 
OtrontW" 
Octaldehyde 
rt-Nonylaldthydc 

n-Decyl aldehyde 

(Aromatic aldehyde) 
BertiaJdehyde 
Cu mm aldehyde 
p-Anisaldchydc 
Vanillin 
Furfurrtl 



-0.285 


0.809 


2) 


~0J85 


0.940 




-0.389 


0.890 


3) 


-0.732 


0.890 


-0.732 


2.732 


4) 


-0.732 


2.732 


-0,732 


2.732 


5) 


-0.431 


1 .000 


6) 


-0,431 


I.OOO 




-0.487 


0.431 


7) 


-0.498 


0.275 


ft) 


-0.36* 


0.777 


9) 



♦ LEMO = the lowcsi empty molecular orbital. 
KOMO=lht highest occupied molecular orbital. 
♦ *♦ Molecular Ofhital calculations were performed for 
icrpmolcnc type Of chnil and citroncilnl, 
rt-ipectivcly. 

fungal activity of these aldehydes and their 
HOMO energy level This is in line with the 
results previously reported by us. llv 

In contrast to the aliphatic aldehydes, it was 
difficult to find a definite relationship between 
the antifungal activity of the aromatic al- 
dehydes and their calculated LEMO or 
HOMO energy level. Other factors, like hy- 
drophobic^ And cell-membrane permeability, 
may also be required for aromatic aldehydes to 
exhibit a' potent antifungal effect. 
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